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SYSTEM AND METHOD FOR RETURNING 
RESULTS OF A QUERY FROM ONE OR 
MORE SLAVE NODES TO ONE OR MORE 
MASTER NODES OF A DATABASE SYSTEM 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to computing systems, and 
more particularly to a system and method for returning results 
of a query from one or more slave nodes to one or more master 

nodes of a database system. 

BACKGROUND 

Conventional relational database systems are often capable 
of storing, organizing, and/or processing large amounts of 
data. As an example, relational database systems may be 
capable of storing, organizing, and/or processing many mil 
lions or billions of records. In these systems, data organiza 
tion is vital to the processing ef?ciency of the database sys 
tem. Data organization Within the relational database system 
is particularly important in relational database systems that 
execute relatively complex queries and other commands 
involving relatively large amounts of data. 

In a typical relational database system, relationships are 
used to breakdown the data into simpler structures for storage 
in one or more data-storage devices. As a result, related infor 
mation may be stored and distributed over multiple data 
storage devices. In most cases, before a relational database 
system can process a query, the relational database system 
must redistribute the data so that it may be processed and/or 
correlated according to the received query. 

SUMMARY OF EXAMPLE EMBODIMENTS 

According to the present invention, certain disadvantages 
and problems associated With previous techniques for pro 
cessing query requests in a database system may be reduced 
or eliminated. 

In certain embodiments, a database system for processing 
a query request comprises a ?rst master node operable to 
communicate a request to perform one or more activities 
associated With a precompiled query over at least one com 
munication channel of the database system. 

The system also includes a plurality of slave nodes coupled 
to the ?rst master node. At least a particular one of the slave 
nodes operable to receive over the communication channel 
the request communicated by the ?rst master node, perform at 
least a portion of the one or more activities associated With the 
request to obtain one or more results for the request, commu 
nicate a request-to-send message to the ?rst master node 
indicating that the one or more results are available for com 
munication to the ?rst master node, and communicate at least 
a portion of the one or more results to the ?rst master node in 
response to receiving a permission-to-send message from the 
master node. 

In certain other embodiments, a method for processing a 
query request comprises communicating from a ?rst master 
node a request to perform one or more activities associated 
With a precompiled query over at least one communication 
channel of the database system. The method also includes: 
receiving, at least at a particular one of a plurality of slave 
nodes coupled to the ?rst master node, over the communica 
tion channel the request communicated by the ?rst master 
node; performing at the particular slave node at least a portion 
of the one or more activities associated With the request to 
obtain one or more results for the request; communicating 
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2 
from the particular slave node a request-to-send message to 
the ?rst master node indicating that the one or more results are 
available for communication to the ?rst master node; and 
communicating from the particular slave node at least a por 
tion of the one or more results to the ?rst master node in 
response to receiving a permission-to-send message from the 
master node. 

Various embodiments may be capable of improving the 
processing ef?ciency of a database system. Certain embodi 
ments may be capable of processing query requests submitted 
to the database system using one or more precompiled que 
ries. In certain embodiments, one or more activities for 
resolving at least a portion of a query request may performed 
by one or more slave nodes having access to relevant data for 
resolving that portion of the query request in a databases 
system, Which may increase the processing ef?ciency of the 
database system. 

In certain embodiments, the present invention may reduce 
or eliminate the possibility that more than one slave node Will 
handle a request to perform an activity associated With a 
precompiled query communicated by the master node. Cer 
tain embodiments of the present invention may be capable of 
managing throughput in the processing on the database sys 
tem of query requests received from one or more clients. In 
certain embodiments, prioritizing requests that are commu 
nicated to one or more slave nodes by master nodes may help 
the database system to increase or maximize throughput for 
query requests of higher importance or priority. In certain 
embodiments, the present invention may enable one or more 
master nodes of the database system to decrease or minimize 
the amount of time that the master nodes are idle Waiting for 
one or more slave nodes to send results obtained for requests 
sent by the master nodes to the slave nodes. 

Certain embodiments of the present invention may provide 
some, all, or none of the above technical advantages. Certain 
embodiments may provide one or more other technical 
advantages, one or more of Which may be readily apparent to 
those skilled in the art from the ?gures, descriptions, and 
claims included herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion and features and advantages thereof, reference is noW 
made to the folloWing description, taken in conjunction With 
the accompanying draWings, in Which: 

FIG. 1 illustrates an example system for processing query 
requests according to one embodiment of the present inven 
tion; 

FIG. 2 illustrates an example embodiment of a database 
system for processing one or more query requests associated 
With one or more precompiled queries deployed on one or 
more nodes of the database system; 

FIG. 3 illustrates an example query execution graph asso 
ciated With an example precompiled query; 

FIG. 4 illustrates an example sorted table that includes a 
plurality of key parts; 

FIG. 5 illustrates an example top level key associated With 
a sorted table; 

FIG. 6 illustrates an example method for processing one or 
more query requests in accordance With one embodiment of 
the present invention; 

FIG. 7 illustrates an example method for processing a 
request to perform an activity associated With a precompiled 
query communicated on a communication channel by a mas 
ter node and received on the communication channel by tWo 
or more slave nodes; 
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FIG. 8 illustrates an example method for managing the 
receipt and processing of query requests at one or more mas 
ter nodes of the database system; 

FIG. 9 illustrates an example method for processing 
requests to perform one or more activities associated With a 
precompiled query that are communicated by a particular 
master node according to priorities assigned to the requests; 
and 

FIG. 10 illustrates an example method for returning results 
of a request to perform one or more activities associated With 
a precompiled query communicated by a master node from 
one or more slave nodes to the master node. 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

One aspect of the present disclosure provides a system and 
method for processing query requests Within a parallel-pro 
cessing system. In particular, this disclosure provides an 
exemplary parallel-processing database system capable of 
processing query requests. It should be appreciated that the 
certain concepts described Within this disclosure may apply 
or be implemented Within any other parallel-processing sys 
tem Without departing from the scope of the present disclo 
sure. Moreover, particular examples speci?ed throughout this 
document are intended for exemplary purposes only, and are 
not intended to limit the scope of the present disclosure. 

FIG. 1 illustrates an example system 10 for processing 
query requests according to one embodiment of the present 
invention. FIG. 1 illustrates just one example embodiment of 
system 10. It shouldbe appreciated that other embodiments of 
system 10 may be used Without departing from the scope of 
the present invention. In certain embodiments, system 10 
includes one or more clients 12 coupled to a ?rst database 
system 14 via a netWork 16. In general, clients 12 submit one 
or more query requests to database system 14, and database 
system 14 processes the query requests using one or more 
precompiled queries distributed through one or more nodes of 
database system 14. 
As used throughout this document, the term “precompiled 

query” refers to a query that has been deployed on a database 
system (e.g., database system 14) in advance of a user execut 
ing such query (i.e., by submitting a query request) on such 
database system. Additionally, as used throughout this docu 
ment, the term “couple” and/ or “coupled” refers to any direct 
or indirect communication betWeen tWo or more elements, 
Whether or not those elements are in physical contact With one 
another. 

First database system 14 of system 10 is capable of per 
forming one or more desired computing and/or communicat 
ing functions. For example, ?rst database system 14 may be 
capable of storing, organiZing, sorting, processing, correlat 
ing, and/or communicating one or more keys and/or indices 
associated With one or more data ?les. In addition, ?rst data 
base system 14 may be capable of, for example, storing, 
deploying, processing, and/ or executing one or more precom 
piled queries, and pre-keying data associated With the pre 
compiled queries. Moreover, ?rst database system 14 is oper 
able to execute one or more precompiled queries upon 
receiving a query request to execute a precompiled query 
from a user of system 14 to resolve the received query request. 

In certain embodiments, ?rst database system 14 includes 
any device or combination of devices that may include one or 
more hardWare, softWare, and/or ?rmWare modules. For 
example, ?rst database system 14 may include a parallel 
processing databases’ that includes a plurality of ?rst nodes 
20 1-20M capable of storing, organizing, correlating, process 
ing, and/ or manipulating data. In various embodiments, each 
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4 
of ?rst nodes 20 may include or have access to, for example, 
one or more processor modules, one or more memory mod 

ules, and/ or one or more softWare modules. In certain 

embodiments, as described in more detail beloW With refer 
ence to FIG. 2, each of nodes 20 may include, for example, a 
master node, a slave node, or a combination of a master node 

and slave node. In this particular embodiment, each of nodes 
20 operates as both a master node and a slave node. 

One or more of nodes 20 on ?rst database system 14 may 
include or have access to one or more precompiled queries 24. 

In certain embodiments, each of ?rst nodes 20 1-20M includes 
or has access to one or more precompiled queries 24. Addi 

tionally, each precompiled query 24 may be deployed to any 
or all of ?rst nodes 201-20M. In certain embodiments, a pre 
compiled query 24 may be operable to resolve one or more 
data requests received from a user of database system 14. For 
example, a precompiled query 24 may return one or more 
desired addresses or a range of addresses When any combi 
nation of one or more ?rst names, one or more last names, or 

one or more social security numbers are supplied in a query 
request to system 14. That is, When any of a plurality of 
variables is supplied in a request to the database system, 
precompiled query 24 enables system 14 to provide the 
appropriate address or addresses as an output. 

As another example, precompiled query 24 is operable to 
return any one of a plurality of desired responses or ranges of 
responses. In other Words, When any of the plurality of vari 
ables is supplied in a query request to database system 14, 
precompiled query 24 enables system 14 to provide any one 
of a plurality of desired outputs or ranges of desired outputs. 
In one non-limiting example, precompiled query 24 may, 
When query request that includes any combination of vari 
ables is submitted to system 14, initiate the return of one or 
more desired responses or ranges of responses. For example, 
precompiled query 24 may return all vehicle oWners having a 
speci?c ?rst name, such as Richard, When any combination of 
one or more years a vehicle Was produced, one or more 

vehicle makes, one or more vehicle models, one or more 
vehicle colors, one or more states of vehicle registration, one 
or more vehicle suggested retail prices, and one or more Zip 
codes that a vehicle Was sold in of vehicle is supplied in a 
query request to system 14. 

Each precompiled query 24 may include, for example, 
softWare, code, portions of code, data compilations, and/ or a 
combination of these or any other type of data or executable. 
In certain embodiments, each precompiled query 24 includes 
an annotated query execution graph and one or more dynamic 
link libraries (DLLs) capable of resolving future and/or rou 
tine data requests on system 14, such as those received from 
a user of system 14. 

Each precompiled query 24 may be associated With a series 
of actions or activities for resolving a query request for invok 
ing the precompiled query 24. Activities may include, for 
example, one or more index reads, one or more de-duplica 
tions, one or more data sorts, one or more data rollups, or any 
other suitable activities according to particular needs. In cer 
tain embodiments, each precompiled query 24 is associated 
With a query execution graph representing the series of 
actions or activities for resolving a query request invoking the 
precompiled query 24. In some cases, precompiled query 24 
Was created using a programming language compiler, such as 
an ECL compiler, that converts a representation of a desired 
query into intermediary source code and/ or a query execution 
graph. In those cases, the programming language compiler 
may have mapped each activity associated With the query 
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execution graph to portions of the intermediary source code 
and/or one or more data ?les associated With the respective 
activity. 
As an example, a representation of a query may have been 

converted into intermediary source code and a query execu 
tion graph, and the intermediary source code may have been 
compiled to generate one or more executables in machine 
level code. In some cases, the intermediary source code may 
have been converted, using a programming language com 
piler, such as a C++ compiler, into the one or more 
executables. In various embodiments, the one or more 
executables may include, for example, dynamically-linked 
executables, fully-linked executables, or a shared library. In 
this example, the one or more executables include DLLs that 
are capable of being executed dynamically, in Whole or in 
part, by other executables. 

In certain embodiments, each activity associated With the 
query execution graph may be annotated and mapped to one 
or more DLLs and/or data ?les or tables associated With the 
respective activity. In some cases, one or more helper ?les 
capable of assisting in the processing of the annotated execu 
tion graph may have been created. The helper ?les may, for 
example, identify the appropriate DLLs and/or data ?les or 
tables for processing a particular activity associated With the 
annotated query execution graph. These helper ?les may be 
stored on or otherWise be accessible to nodes 20 of ?rst 
database system 14. 

Each activity associated With the query execution graph 
may be assigned a unique identi?cation, Which may be 
referred to as an activity ID. Each activity ID may uniquely 
identify the activity associated With the activity ID With 
respect to other activities in the query execution graph for a 
particular precompiled query 24. In certain embodiments, the 
activity ID may include a ?rst ID, Which identi?es the par 
ticular precompiled query 24 With Which the activity identi 
?ed by the activity ID is associated, and a second ID, Which 
uniquely identi?es the activity identi?ed by the activity ID 
With respect to other activities associated With the particular 
precompiled query 24. As an example, if the query execution 
graph includes an index read, each activity of the index read 
may be assigned a unique activity ID. In other cases, each 
activity may be mapped to a data ?le location Within a data 
base such as database 14. In those cases, a table or index that 
identi?es the location and/or content of data ?les or tables 
stored Within a database system such as database 14 may be 
used to perform the mapping. 

Database system 14 may include one or more data tables 
that are distributed over one or more of nodes 20, each portion 
of a data table that is stored on one or more of nodes 20 being 
stored as a key part 30. As used throughout this description, 
the term “table” refers to any data structure, arrangement, or 
compilation of information. In some cases, each data table 
may be distributed across each of nodes 201-20M. For 
example, a portion of each data table may be stored on each of 
nodes 201 -20M as key parts 30. In certain embodiments, each 
node 20 of database system 14 includes a portion of each key 
part 30. Each key part 30 may be associated With one or more 
precompiled queries 24 and include data for resolving a query 
request corresponding to the associated precompiled query 
24. 

The data stored Within each key part 30 is typically sorted 
according to one or more precompiled queries 24. For 
example, When a precompiled query 24 is created to return a 
desired response When any of a plurality of variables is pro 
vided to ?rst database system 14, the data in each key part 30 
may be sorted according to various combinations of the vari 
ables. As used through this description, the term “key part” 
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6 
refers to a portion of a sorted data ?le that includes data 
capable of satisfying and/ or identifying the location of addi 
tional data that satis?es at least a portion of a precompiled 
query 24. 
As one particular non-limiting example, a precompiled 

query 24 is capable of returning a desired address When any of 
a combination of ?rst name, last name, or social security 
number is provided to ?rst database system 14. In that case, 
the data stored in key parts 30 may be sorted according to 
various combinations of the input variables. For example, the 
data in the tables may be sorted by ?rst name, last name, and 
social security number; by social security number and 
address; or by any other appropriate combination. In some 
cases, a user may be able to identify one or more combina 
tions of input variables to be used in processing precompiled 
query 24. 
Each key part 30 may be associated With a top level key 32 

stored on one or more of nodes 20. Top level keys operate to 
identify the location Within database system 14 of each key 
part 30. For example, Where database system 14 includes a 
distributed table that is sorted by ?rst name, top level key 32 
identi?es the location of each key part 30 of the distributed 
table. Thus, if a ?rst key part 30 Was stored on node 201 and 
included ?rst names ranging from Aaron to Brian, and a 
tWentieth key part 30 Was stored on node 2020 and included 
?rst names ranging from Frank to Gavin, then top level key 32 
Would identify that ?rst names ranging from Aaron to Brian 
are on node 201 and ?rst names ranging from Frank to Gavin 
are on node 2020. Top level keys 32 may include any other 
suitable information, according to particular needs. 

In some cases, top level key 32 and key parts 30l-30N can 
include additional information to assist in identifying the 
appropriate location of additional data. For example, if top 
level key 32 Was created to identify the location of key parts 
30 associated With a distributed table sorted by ?rst name, 
then top level key 32 may include the ?rst name, last name, 
and address of the last record associated With the respective 
key part 30. 
As such, ?rst database system 14 may be pre-keyed (i.e., 

prior to processing query requests, such as requests to execute 
one or more precompiled queries 24).As used throughout this 
document, the term “pre-key” or “pre-keyed” refers to 
deploying one or more key parts, one or more top level keys, 
and/or one or more indices on a database system in advance of 
or simultaneously With a user requesting data from such key 
parts or indices (e.g., using a query request). One aspect of 
this disclosure recogniZes that deploying one or more pre 
compiled queries and pre-keying a database system can 
increase the processing ef?ciency of the database system for 
routine and/ or standard data requests. 

In certain embodiments, system 10 includes a second data 
base system 40, Which may be coupled to ?rst database sys 
tem via a link 42. In such embodiments, second database 
system 40 may store the data that is to be the subject of 
precompiled queries 24, prior to that data being stored on 
database system 14. Furthermore, in some cases, key parts 30 
and top level keys 32 may be created using second database 
system 40 and later communicated to ?rst database system 
14. The folloWing example describes just one Way of pre 
keying ?rst database system 14 using second database system 
40. The present invention contemplates pre-keying ?rst data 
base system 14 in any suitable manner, With or Without using 
second database system 40. 

In this example, second database system 40 is capable of 
performing one or more desired computing and/or commu 
nicating functionalities. For example, second database sys 
tem 40 may be capable of storing, organizing, sorting, dis 
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tributing, processing, correlating, and/or communicating data 
associated with one or more raw data ?les. Second database 

system 40 may comprise any device or combination of 
devices that may include one or more hardware, software, 
and/or ?rmware modules. In this example, second database 
system 40 includes a parallel-processing database that 
includes a plurality of second nodes 441-44N capable of stor 
ing, organiZing, correlating, processing, distributing, and/or 
manipulating data. In various embodiments, each of second 
nodes 44 may include or have access to, for example, one or 

more processor modules, one or more memory modules, and/ 
or one or more software modules. 

In certain embodiments, second database system 40 may 
include one or more processors capable of managing the 
organiZation of the stored data and coordinating the retrieval 
of the data from second nodes 44 1 -44N in response to queries, 
commands, and/ or requests received by second database sys 
tem 40. In various embodiments, second database system 40 
can receive requests, commands, and/ or queries in a standard 
format, such as structured query language (SQL), extensible 
markup language @(ML), hypertext markup language 
(HTML), or any other desired format. 

In this example, a query representation may be communi 
cated to second database system 40, from client 12 or from 
any other suitable source for example and in any suitable 
manner. The query representation may be used to generate a 
precompiled query 24 for the query representation. The query 
representation may include, for example, software, code, por 
tions of code, data compilations, and/ or a combination of 
these or any other type of data or executable. For example, the 
query representation may include an HTML document that 
represents a query that is capable of resolving future and/or 
routine data requests on system 14. In other embodiments, the 
query representation could include, for example, an XML 
document, a text ?le, or any other representation of the 
desired query. 

In various embodiments, second database system 40 pro 
cesses the query representation and performs certain comput 
ing functions to resolve one or more activities associated with 
the query representation. In some cases, second database 
system 40 may process the query representation and perform 
one or more sorts on portions of the data stored on nodes 

441-44 N. In those cases, the sorts of the data can result in the 
formation of one or more distributed tables of the data nec 

essary to resolve at least a portion of the query representation. 
For example, where the query representation is created to 
return a desired response when any of a plurality of variables 
is provided to ?rst database system 14, second database sys 
tem 40 operates to sort the appropriate data according to 
various combinations of the variables. 

As one particular non-limiting example, the query repre 
sentation is capable of returning a desired address when any 
combination of ?rst name, last name, or social security num 
ber is provided to ?rst database system 14. In that case, 
second database system 40 processes the query representa 
tion and sorts the data according to various combinations of 
the input variables. For example, second database system 40 
may sort the data by ?rst name, last name, and address; by last 
name and address; by social security number and address; or 
by any other appropriate combination. 

In most cases, the one or more sorts of the data within 
second database system 40 create one or more tables that are 

distributed over one or more of second nodes 44l-44N. In 
some cases, the sort of the data within second database system 
40 creates a table that is distributed over each of nodes 441 
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44N. In various embodiments, each of second nodes 44 1-44N 
that receives a portion of the distributed table stores that 
portion as a key part 30. 

Moreover, the sort of the data within second database sys 
tem 40 also generates a top level key 32 for each table. Top 
level key 32 operates to identify the location within database 
system 40 of each key part 30 associated with the respective 
table. For example, where second database system 40 gener 
ates a distributed table that is sorted by ?rst name, top level 
key 32 identi?es the location of each key part 301-3 0 N of the 
distributed table. Thus, if a ?rst key part 301 was stored on 
node 441 and included ?rst names ranging from Aaron to 
Brian, and a twentieth key part 3020 was stored on node 4420 
and included ?rst names ranging from Frank to Gavin, then 
top level key 32 would identify that ?rst names ranging from 
Aaron to Brian are on node 441 and ?rst names ranging from 
Frank to Gavin are on node 4420. 

In some cases, top level key 32 and key parts 30l-30N can 
include additional information to assist in identifying the 
appropriate location of additional data. For example, if top 
level key 32 is created to identify the location of key parts 30 
associated with a distributed table sorted by ?rst name, then 
the top level key 32 may include the ?rst name, last name, and 
address of the last record associated with the respective key 
part 30. 

In this particular embodiment, after creation of key parts 
30l-30N and top level key 32, second database system oper 
ates to pre-key ?rst database system 14. For example, a pre 
compiled query 24 may be communicated to ?rst database 
system 14, originating from client 12 as a query representa 
tion for example. In certain embodiments, ?rst database sys 
tem 14 deploys precompiled query 24 on at least one of ?rst 
nodes 20. In other embodiments, ?rst database system 14 
deploys precompiled query 24 on each of ?rst nodes 20 1 -20M. 
In this particular example, precompiled query 24 is deployed 
on node 201. In that example, node 201 distributes a copy of 
precompiled query 24 to each of nodes 202-20M. Although 
precompiled query 24 is deployed to node 201 in this 
example, precompiled query 24 may be deployed to any or all 
of nodes 20 1-20M without departing from the scope of the 
present disclosure. 

In this particular embodiment, node 201 operates to read 
the annotated query execution graph associated with precom 
piled query 24 and identify one or more data ?les or tables 
necessary to satisfy a particular activity of precompiled query 
24. Although node 201 operates to read the query execution 
graph and identify one or more data ?les or tables in this 
example, any or all of node 201-20M can perform the desired 
functionality without departing from the scope of the present 
invention. In some cases, node 201 can identify the one or 
more data ?les or tables using the mapping of each activity to 
the one or more DLL’s and/or data ?les or tables. In other 

cases, node 201 can identify the one or more data ?les or 
tables using the one or more helper ?les associated with 
precompiled query 24. In various embodiments, node 201 
may be capable of generating and/or communicating one or 
more data requests to acquire the necessary data from its 
permanent location, such as a location within a database 
system. 

In this example, node 201 of ?rst database system 14 com 
municates one or more requests to acquire the necessary data 
from second nodes 44 1-44N of second database system 40. 
Node 201 communicates the one or more requests to second 
database system 40 through communications link 42. In this 
example, second database system 40 receives and processes 
the one or more requests to communicate data necessary to 
resolve precompiled query 24. Second database system 40 
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then operates to pre-key ?rst database system 14 by commu 
nicating copies of key parts 30l-30N and top level key 32 
associated With each sorted table to ?rst database system 14. 

Unlike conventional database systems that typically com 
bine all the key parts into a single key or index, ?rst database 
system 14 stores each individual key part 30 separately on the 
appropriate ?rst node 20. In this example, ?rst database sys 
tem 14 distributes key parts 30 stored on second nodes 44 over 
?rst nodes 201-20M. In some cases, the number of ?rst nodes 
20 of ?rst database system 14 can be different than the num 
ber of second nodes 44 of second database system 40. In this 
particular embodiment, the number of ?rst nodes 20 is less 
than the number of second nodes 44. Thus, at least some of 
nodes 201-20M may store more than one key part 30. In 
various embodiments, each of key parts 301-30N may be 
stored on more than one of ?rst nodes 201-20M. One aspect of 
this disclosure recognizes that, in certain embodiments, stor 
ing copies of each key part 30 on multiple ?rst nodes 20 
enhances the systems reliability by providing redundancy 
Which can minimiZe the effects of a single failure of a ?rst 
node 20 on ?rst database system 14. 

In one non-limiting example, second database system 40 
includes four-hundred second nodes 441-44400 and ?rst data 
base system 14 includes for‘ty ?rst nodes 201-2040. Although 
this example implements four-hundred second nodes 44 and 
forty ?rst nodes 20, any number of second nodes 44 and ?rst 
nodes 20 can be used Without departing from the scope of the 
present disclosure. In that example, if each of second nodes 
441-44400 store a respective key part 301-30400 associated 
With a sorted table, then ?rst database system 14 Would dis 
tribute each of those four-hundred key parts 301-30400 over 
?rst nodes 201-2040. In various embodiments, ?rst database 
system 14 could distribute key parts 301-3 0400 such that ?rst 
node 201 receives key parts 301, 3041, 3081, . . . 30241, from 
second nodes 441, 4441, 4481, . . . 44241, and ?rst node 204O 
receives key parts 3040, 3080, 30120, . . . 30400 from second 
nodes 4440, 4480, 44120, . . . 44400. In some embodiments, ?rst 
database system 14 could distribute key parts 301-30400 such 
that ?rst node 201 receives key parts 301-3010 from second 
nodes 441-4410, and ?rst node 204O receives key parts 30391 
30400 from second nodes 44391 -444OO. In other embodiments, 
?rst database system 14 could distribute key parts 301-30400 
in any other suitable manner. 

In this example, second database system 40 also commu 
nicates top level keys 32 to node 201 of ?rst database system 
14. In other embodiments, second database system 40 can 
communicate top level keys 32 to any or all of nodes 20 1 -20M. 
In this particular embodiment, ?rst node 201 distributes top 
level key 32 to each of ?rst nodes 201-20M. In other embodi 
ments, any one of ?rst nodes 20 may be capable of distribut 
ing top level key 32 to each of ?rst nodes 20 1-20M. 

In this particular embodiment, system 14 operates to map 
the location of each key part 301-3 0N from its respective 
second node 44 to one or more communication channels 

associated With ?rst database system 14. In this example, a 
particular node 20 that is processing a request to execute a 
particular precompiled query 24 operates to map the location 
of each key part 30 1 -3 ON from its respective second node 44 to 
one or more communication channels associated With ?rst 

database system 14. In some cases, the particularnode 20 may 
have access to one or more helper ?les that may assist in 
mapping the location of each key part 30 1 -3 ON to one or more 
communication channels. In this example, each ?rst node 20 
has access to a function capable of mapping the location of 
key parts 134 to one or more channel numbers associated With 
database system 14. For example, the function may comprise 
“part_no MOD num_channels,” Where MOD represents the 
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10 
modulus operation, part_no represents the part number 
retrieved for the top level key 32, and num_channels repre 
sents the number of communication channels. 

In one non-limiting example, second database system 40 
includes four-hundred second nodes 441 -44400 and ?rst data 
base system 14 includes for‘ty ?rst nodes 201-2040. First data 
base system 14 also includes forty communication channels 
capable of carrying a multicast communication signal to one 
or more ?rst nodes 201-2040. Although this example imple 
ments forty communication channels Within ?rst database 
system 14, any number of communication channels can be 
used Without departing from the scope of the present disclo 
sure. In that example, if each of second nodes 40 1 -40400 store 
a respective key part 30 l -3 0400 associated With a sorted table, 
then ?rst database system 14 may distribute each of those 
four-hundred key parts 301-30400 over ?rst nodes 20 l -204O. In 
various embodiments, ?rst database system 14 could distrib 
ute key parts 301-30400 such that ?rst node 201 receives key 
parts 301, 3041, 3081, . . . 30361, from secondnodes 401, 4041, 
4081, . . . 40361, and ?rst node 204O receives key parts 3040, 

80, 120, . . . 30400 from second nodes 4040, 4080, 

40120, . . . 40400. Moreover, ?rst database system 14 could 
distribute key parts 301-30400 such that ?rst node 201 also 
receives key parts 3040, 3080, 30120, . . . 30400 from second 
nodes 4040, 4080, 40120, . . .40400 to addredundancy to system 
14. In some embodiments, ?rst database system 14 could 
distribute key parts 30 1 -3 0400 such that ?rst node 20 1 receives 
key parts 301-3010 from second nodes 401-4010, and ?rst node 
204O receives key parts 30391-30400 from second nodes 40391 
40400. In other embodiments, ?rst database system 14 could 
distribute key parts 301-3 0400 in any other suitable manner. 

In this particular non-limiting example, ?rst node 201 
receives a query request from a user (e.g., a user of client 
system 12) to execute a particular precompiled query 249. In 
processing precompiled query 249, node 201 identi?es an 
activity that necessitates the retrieval of a key part 3077 stored 
at least on nodes 2017 and 2027. First node 201 accesses the 
appropriate top level key 32 for precompiled query 249 and 
maps the location of key part 3077 from second node 4477 to a 
particular communication channel, such as channel ?fteen. In 
this particular embodiment, both of nodes 20 17 and 2027 are 
capable of receiving one or more requests at least on commu 
nication channel ?fteen. 

Although formation of key parts 30 and top level keys 32 
has been described in a particular manner (i.e., using second 
database system 40), the present invention contemplates 
forming key parts 30 and top level keys 32 in any suitable 
manner, according to particular needs. As just one example, 
key parts 30 and top level keys 32 may be dynamically created 
as one or more query requests are received by database sys 

tem 14, from client 12 for example. Furthermore, although 
second database system 40 has been described as storing the 
data that is to be the subject of precompiled queries 24, prior 
to that data being stored on database system 14, the present 
invention contemplates database system 14 acquiring the data 
that is to be the subject of precompiled queries 24 from any 
suitable source, according to particular needs. Moreover, in 
the described embodiment of system 10, each of ?rst database 
system 14 and second database system 40 includes a separate 
database system. In an alternative embodiment, ?rst database 
system 14 and second database system 40 could each be part 
of a common larger database system. Moreover, each of ?rst 
nodes 20 could form part of second nodes 44. 

In certain embodiments, one or more clients 12 couple to 
system 10 through netWork 16. Each client 12 may include 
any computing and/ or communication device operable to 
communicate and/ or receive information. For example, each 
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client 12 may include a web server, a work station, a main 
frame computer, a mini-frame computer, a desktop computer, 
a laptop computer, a personal digital assistant, a wireless 
device, and/or any other computing or communicating device 
or combination of devices. In operation, each client 12 may 
execute with any of the well-known MS-DOS, PC-DOS, 
OS-2, MAC-OS, WINDOWSTM, UNIX, or other appropriate 
operating systems. Moreover, “client 12” and “user of client 
12” may be used interchangeably without departing from the 
scope of this invention. Although a single client 12 is illus 
trated, the present invention contemplates any suitable num 
ber of clients 12 being coupled to database system 14, and 
database system 40 where appropriate. 

In certain embodiments, client 12 includes a query submis 
sion module 50 and a graphical user interface (GUI) 52 that 
enable a user to submit one or more query requests 54 for 

processing by database system 14 and to view results of the 
submitted query requests 54 returned by database system 14. 
For example, client 12 may submit one or more query 
requests 54 using query submission module 50. In some 
cases, query submission module 50 and GUI 52 enable a user 
to submit a query request 54 that includes one or more data 
requests on system 14. For example, a user of client 12 may 
submit a query request 54 that speci?es one or more variables 
for retrieval of a result based on the one or more variables. In 

a particular example, a user of client 12 may submit a query 
request 54 for returning a desired address when any combi 
nation of a ?rst name, a last name, or a social security number 
is supplied in a query request 54 to system 14. That is, when 
any of the plurality of variables is supplied in a query request 
54 to database system 14, query request 54 prompts system 14 
to provide the appropriate address as an output. 

In certain embodiments, query request 54 corresponds to 
one or more of precompiled queries 241-24W stored on one or 
more nodes 20 of system 14. For example, query request 54 
may include a request for system 14 to initiate an instance of 
a precompiled query 24 based on the one or more variables 

submitted in the query request 54.Although query requests 54 
that correspond to a precompiled query 24 stored on system 
14 are primarily described, the present invention contem 
plates receiving and processing query requests 54 that do not 
have a corresponding precompiled query 24. Such query 
requests lacking a corresponding precompiled query 24 may 
be processed by, for example, dynamically creating in any 
suitable manner one or more key parts 30 and corresponding 
top level key 32 for resolving the query request 54. 

Query submission module 50 may include any device or 
combination of devices that may include one or more hard 
ware, software, and/ or ?rmware modules. In certain embodi 
ments, query submission module 50 includes, for example, 
software capable of being executed on client 12. In certain 
embodiments, query submission module 50 may include the 
necessary hardware, software, and/or ?rmware capable of 
providing an XML or HTML template for display on GUI 52, 
on a web browser for example. 

In certain embodiments, query submission, module 50 may 
display a form that includes one or more ?elds in which a user 
of client 12 may insert or select one or more search terms (i.e., 
input variables) as part of query request 54. Query request 54 
may identify, be linked to, or otherwise be associated with one 
or more precompiled queries 24 stored on database system 
14. As just one example, a user may provide or select input 
variables that include any combination of a ?rst name, last 
name, or a social security number as part of query request 54, 
requesting database system 14 to return one or more desired 
addresses for the provided input variables. 

20 

25 

35 

40 

45 

50 

55 

60 

65 

12 
In certain embodiments, query submission module 50 and/ 

or GUI 52 enables a user of client 12 to submit a desired query 
request 54 that is precompiled in one or more query program 
ming languages. The programming language can include, for 
example, C++, Enterprise Control Language (ECL), Simple 
Query Language (SQL), Perl, or a combination of these or 
other programming languages. A query request 54 submitted 
using client 12 may be in any suitable format, including 
XML, hypertext transfer protocol (HTTP), ECL, or any other 
suitable format. 
Network 16 may include any wireless network, wireline 

network, or combination of wireless and wireline networks 
capable of supporting communication between network ele 
ments using ground-based and/or space-based components. 
For example, network 1 6 may include a data network, a public 
switched telephone network (PSTN), an integrated services 
digital network (ISDN), a local area network (LAN), a wide 
area network (WAN), a metropolitan area network (MAN), 
all or a portion of the global computer network known as the 
Internet, and/ or other communication systems or combina 
tion of communication systems at one or more locations. 

In certain embodiments, system 10 includes a query receiv 
ing module 60 for receiving query requests 54 submitted to 
system 14 by client 12. In certain embodiments, network 16 
couples to client 12 through a communications link 62 and to 
query receiving module 60 through a communications link 
64. In certain embodiments, query receiving module 60 oper 
ates to route or otherwise direct query requests 54 submitted 
by client to appropriate components within system 14. First 
database system 14 may be coupled to query receiving mod 
ule 60 via a link 66, and query receiving module 60 may be 
separate from database system 14. Alternatively, query 
receiving module 60 may a part of system 14. Query receiving 
module 60 may include any device or combination of devices 
that may include one or more hardware, software, and/or 
?rmware modules. 

Query receiving module 60 may route query requests 
received from client 12 to one or more suitable components 
within database system 14 in any suitable manner. For 
example, in certain embodiments, query receiving module 60 
may route query requests to one or more of nodes 201-20M. 
Query receiving module 60 may include a router or other 
suitable component for routing query requests 54 to one or 
more suitable components within database system 14, such as 
nodes 20. Query receiving module 60 may include load bal 
ancing capabilities, as described in more detail below. 

In the illustrated embodiment, system 10 includes at least 
communication links 42, 62, 64, and 66 each operable to 
facilitate the communication of data and/or queries within 
system 10. Communications links 42, 62, 64, and 66 may 
include any hardware, software, ?rmware, or combination 
thereof. In various embodiments, communications links 42, 
62, 64, and 66 may comprise communications media capable 
of assisting in the communication of analog and/or digital 
signals. Communications links 42, 62, 64, and 66 may, for 
example, comprise a twisted-pair copper telephone line, a 
?ber optic line, a Digital Subscriber Line (DSL), a wireless 
link, a USB bus, a PCI bus, an Ethernet interface, or any other 
suitable interface operable to assist in the communication 
within system 10. 

FIG. 2 illustrates an example embodiment of database sys 
tem 14 for processing one or more query requests 54 associ 
ated with one or more precompiled queries 1181-118”, 
deployed on one or more nodes 20 of database system 14. In 
this example, database system 14 stores precompiled queries 
241-24W, key parts 30l-30N associated with one or more pre 
compiled queries 24 1-24W, and one or more top level keys 
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321-32,C associated With precompiled queries 241 -24 W. More 
over, ?rst database system 14 is operable to execute one or 
more precompiled queries 241-24W upon receiving a query 
request 54 from a user of system 14, requesting system 14 to 
execute a particular one or more precompiled queries 24. In 
this particular embodiment, each of precompiled queries 24l - 
24W includes an annotated query execution graph, one or 
more DLL’s, and/or one or more helper ?les. 

In this particular embodiment, each of precompiled queries 
24 1-24W is capable of resolving one or more routine and/or 
standard data requests that may have variations in input vari 
ables. For example, precompiled query 242 may be capable of 
returning one or more desired addresses or range of addresses 
When any combination of one or more ?rst names, one or 

more last names, or one or more social security numbers are 

provided to ?rst database system 14 (e.g., in a query request 
54), While precompiled query 24 3 may be capable of returning 
a ?rst name, last name, and state of regi stration, for all oWners 
of one or more speci?c make, model, year, and/ or color of one 
or more vehicles (e.g., When so requested in a query request 
54). One aspect of this disclosure recogniZes that, in certain 
embodiments, deploying precompiled queries 24l-24W may 
increase the processing ef?ciency of ?rst database system 14 
for routine and/or standard data requests that have a number 
of variations on the input parameters. 

In this example, database system 14 comprises a parallel 
processing database that includes a plurality of nodes 201 
20 M. In certain embodiments, each of nodes 20 of ?rst data 
base system 14 includes a master node 70, a slave node 72, 
and one or more memory modules 74 . Although each of nodes 

20 l-20Mincludes master node 70, slave node 72, and memory 
module 74 in this example, each of nodes 20 may include any 
other appropriate device, or may exclude one or more of 
master node 70, slave node 72, or memory module 74 Without 
departing from the scope of the present disclosure. Although 
an embodiment of system in Which each of nodes 20 operates 
as both a master node and a slave node is primarily described, 
it should be understood that each node 20 may operate as a 
master node, a slave node, or a combination of a master node 
and slave node. In this particular embodiment, the number of 
master nodes 70 is the same as the number of slave nodes 72. 
In some embodiments, the number of slave nodes 72 can be 
larger than the number of master nodes 70. In other embodi 
ments, the number of master nodes 70 can be larger than the 
number of slave nodes 72. 

In this particular embodiment, precompiled queries 24l 
24W and top level keys 32l-32X have been deployed to and 
stored on each of master nodes 701-70M. In some cases, a 
particular precompiled query 24 and top level keys 32 asso 
ciated With the particular precompiled query 24 may be 
deployed to and stored on one of master nodes 701-70M. In 
that example, the master node 70 that receives the particular 
precompiled query 24 and associated top level keys 32 oper 
ates to distribute a copy of the respective precompiled query 
24 and top level keys 32 to each of the other master nodes 
70 1-70M. In other embodiments, each of precompiled queries 
24 1-24W and top level keys 32l-32X are distributed to and 
stored on each of master nodes 701-70 M. In certain embodi 
ments, a copy of precompiled queries 241-24W is stored on 
each of slave nodes 721-72M. For example, one or more of 
master nodes 70 may have distributed precompiled queries 
241-24N to slave nodes 721-72M. 

In this example, each master node 701-70M is capable of 
executing each of precompiled queries 24 1 -24 Wupon receiv 
ing a query request 54 from a user of system 14, such as client 
12. Moreover, each master node 701-70 M is capable of com 
municating a request to perform a particular activity associ 
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14 
ated With a particular precompiled query 24, such as, a request 
to perform an index read, to one or more slave nodes 721 -72M 
(e.g., on the same or on different node 20 as the master node 

701-70M) for processing in accordance With one or more of 
precompiled queries 241-24W. In some cases, the request to 
perform a particular activity can include, for example, one or 
more variables associated With a request supplied by a user of 
system 14. In various embodiments, each master node 70 1 
70M is capable of communicating the request to perform a 
particular activity using a multicast signal formatted in, for 
example, User Datagram Protocol (UDP). 

Master nodes 70 1-70M may comprise any device or com 
bination of devices that may include one or more hardWare, 
softWare, and/ or ?rmWare modules. In this particular embodi 
ment, each master node 70 1-70M includes or has access to a 
memory that stores each precompiled query 241-24W 
deployed on system 14 and each top level key 321-32X asso 
ciated With each deployed precompiled query 241-24W. 

In this example, each slave node 72 1-72M is capable of 
storing each precompiled query 24 received from a particular 
master node 70. In addition, each of slave nodes 721-72M is 
capable of processing one or more requests to perform one or 
more particular activities associated With a speci?c precom 
piled query 24. Slave nodes 721-72M may comprise any 
device or combination of devices that may include one or 
more hardWare, softWare, and/or ?rmWare modules. In some 
cases, each of slave nodes 72l-72Mmay have access to and/or 
include one or more helper ?les that may assist each of slave 
nodes 72 l-72Min processing a request to perform one or more 
particular activities. 

In this example, each of slave nodes 72l-72Mhas access to 
one or more memory modules 74 capable of storing one or 
more key parts 30. In other embodiments, each of slave nodes 
721-72M may include one or more memory modules 74. 
Memory modules 74 may include any hardWare, softWare, 
?rmWare, or combination thereof operable to store and facili 
tate retrieval of information. Each memory module 74 may 
store information using any of a variety of data structures, 
arrangements, and/ or compilations. Memory module 74 may, 
for example, include a hard disk, a dynamic random access 
memory (DRAM), a static random access memory (SRAM), 
or any other suitable volatile or nonvolatile storage and 
retrieval device or combination of devices. 

In this particular embodiment, each of slave nodes 72 1-72M 
stores and provides access to key parts 30 associated With at 
least another one of slave nodes 721-72M. Moreover, each of 
slave nodes 721-72 Mis capable of receiving multicast signals 
on more than one communication channel. For example, 
slave node 722 operates to receive multicast communication 
signals on communication channels one and tWo, and stores 
and provides access to key parts 301 and 302. MeanWhile, 
slave node 723 operates receive multicast communication 
signals from communication channels tWo and three, and 
stores and provides access to key parts 302 and 303. Thus, 
slave nodes 722 and 723 each receive a multicast signal com 
municated on communication channel tWo and provide 
access to data associated With key parts 302 and thereby add 
redundancy to system 14. In certain embodiments, each of 
slave nodes 721-72M registers With one or more of the com 
munication channels in order to receive multicast signals sent 
on the one or more communication channels. For example, 
slave nodes 72 may register With certain communication 
channels based on the key parts 30 to Which the slave nodes 
have access. As another example, slave nodes 72 may be 
assigned to register With certain communication channels in 
any suitable manner. 
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In various embodiments, system 14 is con?gured such that 
each of slave nodes 72 1-72M that receive multicast signals 
from a particular communication channel and that store and/ 
or provide access to a particular key part 30 are not suscep 
tible to a single point of failure. One aspect of this disclosure 
recognizes that, in certain embodiments, storing copies of 
each key part 30 on multiple slave nodes 72 that are capable 
of receiving a multicast signal on a particular communication 
channel enhances the systems reliability by providing system 
redundancy. In most cases, the provision of system redun 
dancy can minimiZe the effects of a single failure of a par 
ticular slave node 72 on ?rst database system 14. Moreover, 
processing of requests communicated by master nodes 70 
may be divided betWeen multiple slave nodes 72. For 
example, if one or more master nodes 70 are communicating 
requests to perform index reads of a particular key part 30, 
more than one slave node 72 may receive and process the 
index read because more than one slave node 72 has access to 
the particular key part 30. This may alloW the processing load 
for requests involving a particular key part 30 to be spread 
betWeen or among multiple slave nodes 72. 

In this example, a netWork 80 couples each of nodes 20 to 
each other. NetWork 80 may include any Wireless netWork, 
Wireline netWork, or combination of Wireless and Wireline 
netWorks capable of supporting communication betWeen net 
Work elements. For example, netWork 80 may comprise a data 
netWork, a public sWitched telephone netWork (PSTN), an 
integrated services digital netWork (ISDN), a local area net 
Work (LAN), a Wide area netWork (WAN), a metropolitan 
area netWork (MAN), all or a portion of the global computer 
netWork knoWn as the Internet, and/or other communication 
systems or combination of communication systems at one or 
more locations. In various embodiments, netWork 80 is 
capable of transmitting information from master nodes 70 1 
70M to one or more slave nodes 721-72M over a plurality of 
communication channels. 

In one non-limiting example, system 14 includes forty 
master nodes 701-7040 and forty slave nodes 721-7240. 
Although this example includes forty master nodes 70 and 
slave nodes 72, any number of master nodes 70 and slave 
nodes 72 may be used Without departing from the scope of the 
present disclosure. Moreover, in this example, system 14 
includes or has access to forty communication channels. In 
other embodiments, system 14 may include, for example, tWo 
communication channels, ten communication channels, 
tWenty communication channels, or more. 
As described above With reference to FIG. 1, one or more 

clients 12 may couple to system 14 through netWork 16. 
Although a single client 12 is illustrated, the present invention 
contemplates any suitable number of clients 12 being coupled 
to database system 14. Each client 12 may include substan 
tially similar components and be capable of substantially 
similar functionality to that described above With reference to 
FIG. 1. Clients 12 may submit one or more query requests 54 
to database system 14 for processing by system 14, using 
query submission module 50 and GUI 52 for example. Clients 
12 may also vieW results of the submitted query requests 54 
returned by database system 14, using one or more of query 
submission module 50 and GUI 52 for example. 

In some cases, query submission module 50 and GUI 52 
enable a user to submit a query request 54 that includes one or 
more data requests on system 14. For example, a user of client 
12 may submit a query request 54 that speci?es one or more 
variables for retrieval of a result based on the one or more 

variables. In a particular example, a user of client 12 may 
submit a query request for returning a desired address When 
any combination of a ?rst name, a last name, or a social 
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security number is supplied in a query request 54 to system 
14. That is, When any of the plurality of variables is supplied 
in a query request 54 to database system 14, query request 54 
enables system 14 to provide the appropriate address as an 
output. 

In certain embodiments, query request 54 corresponds to 
one or more of precompiled queries 241-24W stored on one or 
more nodes 20 of system 14. For example, the query request 
54 include a request for system 14 to initiate an instance of a 
precompiled query 24 based on the one or more variables 
submitted in the query request 54. Although query requests 54 
that correspond to a precompiled query 24 stored on system 
14 are primarily described, the present invention contem 
plates receiving and processing query requests 54 that do not 
have a corresponding precompiled query 24. Such query 
requests lacking a corresponding precompiled query 24 may 
be processed by, for example, dynamically building in any 
suitable manner one or more key parts 30 for resolving the 
query request 54. 
As described above With reference to FIG. 1, in certain 

embodiments, system 10 includes a query receiving module 
60 for receiving query requests 54 submitted by client 12 to 
system 14. Query receiving module 60 may operate to route 
or otherWise direct query requests 54 submitted by client 12 to 
appropriate components Within system 10. Query receiving 
module 60 may route query requests 54 received from client 
12 to one or more suitable components Within database sys 
tem 14 in any suitable manner. For example, in certain 
embodiments, query receiving module 60 may route query 
requests 54 to one or more of master nodes 70 1-70M. Query 
receiving module 60 may include a router or other suitable 
component for routing query requests 54 to one or more 
suitable components Within database system 14, such as mas 
ter nodes 70. 

In certain embodiments, master nodes 70 receive and 
assume primary responsibility for processing query requests 
54 received by system 14. One or more master nodes 70 may 
receive query request 54, although it may be desirable for 
only one master node 70 to receive query request 54. In 
certain embodiments, query requests 54 may be communi 
cated to master nodes 70 in a manner for optimiZing load 
balancing betWeen master nodes 70. For example, query 
receiving module 60 may include load balancing capabilities 
and may route query requests 54 to particular master nodes 70 
in a manner that optimiZes the processing load of master 
nodes 70. 

In alternative embodiments, particular master nodes may 
be pre-assigned to one or more clients 12 for handling query 
requests received from those clients 12. In such embodi 
ments, query receiving module 60 may route query requests 
54 to particular master nodes 70 based on the clients 12 that 
submitted the query requests 54. Although query receiving 
module 60 is described, the present invention contemplates 
system 14 receiving query requests 54 from client 12 and 
routing those query requests 54 to appropriate master nodes 
70 in any suitable manner according to particular needs, With 
or Without query receiving module 60. Furthermore, it may 
also be desirable to limit or otherWise control the number of 
queries that a particular client 12 may have running on system 
14 at a particular time. 

In certain embodiments, each master node 70 may be oper 
able to receive and process a predetermined number of query 
requests 54 substantially concurrently. For example, a master 
node 70 may include a particular number of threads, each 
operable to receive and process a different query request 54. 
It should be understood that “different” in this context does 
not necessarily mean that the information sought by the query 
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request 54 or the parameters provided in the query request 54 
(e.g., by a client 12) are different. For example, each thread 
may be operable to receive and process a different instance of 
the same query request 54. It may be desirable to assign, 
either exclusively or non-exclusively, a particular number of 
these threads to each particular client 12. As an example, a 
particular master node 70 may include thirty threads, tWenty 
of Which are available to a ?rst client 12 and ten of Which are 
available to a second client 12. In certain embodiments of this 
example, When the ?rst client 12 is using all of tWenty of its 
threads on the particular master node 70, the client 12 may be 
directed to another master node 70 or denied access to system 
14 until such time as one of the tWenty nodes available to the 
?rst client 12 become available. Additionally or alternatively, 
if the second client 12 is not currently using the ten threads of 
the particular master node 70 assigned to the second client 12 
such that one or more of the ten threads are currently idle, then 
the an operating system (OS) scheduler may adjust the central 
processing unit (CPU) cycles such that no or feWer clock 
cycles are used on the idle threads. As a particular example, if 
the ?rst client 12 is currently using all tWenty of its available 
threads and the second client 12 is not currently using any of 
its ten threads, all CPU clock cycles may be used by the 
tWenty threads assigned to the ?rst client 12, thereby increas 
ing the speed at Which query requests 54 submitted by the ?rst 
client 12 are processed. These and other techniques may help 
to manage and/or increase throughput in processing of query 
requests 54 submitted to system 14. 

Additionally, in certain embodiments, if no threads are 
available on a particular master node 70 for a particular client 
12 to submit query requests 54, the particular client 12 may be 
noti?ed that the particular master node 70 is too busy. The 
particular client 12 may then select a different master node 70 
for submitting query requests 54 or may pause and retry 
submitting query requests 54 on the particular master node 
70. For example, system 14 may prompt the particular client 
12 to either select a different master node 70 or retry the 
particular master node 70 after a suitable delay. 

Although the above example describes ?rst and second 
clients 12, any suitable number of clients 12 may be coupled 
to system 14, and one or more threads of one or more master 
nodes 70 may be assigned to each client in any suitable 
manner. If the second client 12 later begins sending query 
requests 54 to system 14 for processing by the threads 
assigned to the second client 12, at least the threads being 
used by the second client 12 may then be given adequate CPU 
cycles for processing the query requests 54 submitted by the 
second client 12. Furthermore, in certain embodiments, query 
receiving module 60 may be operable to communicate query 
requests 54 to appropriate one or more appropriate master 
nodes 70 according to the above-described techniques. More 
over, the techniques for managing the threads of a master 
node 70 may help system 14 to manage throughput in pro 
cessing of query requests 54 received from one or more cli 
ents 12. As used throughout this description, managing 
throughput may include increasing throughput, substantially 
maximiZing throughput, holding throughput substantially 
constant, decreasing throughput, or substantially minimiZing 
throughput; hoWever, it may be desirable to increase through 
put to the fullest extent possible. 
Upon receiving a query request 54 (e. g., from query receiv 

ing module 60 or otherWise), a master node 70 may process 
query request 54 to determine if query request 54 corresponds 
to one of precompiled queries 241-24 W. If a query request 54 
does not correspond to one of precompiled queries 241-24W, 
master node 70 may, in certain embodiments, initiate 
dynamic creation of one or more keys parts 42 for resolving 
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query 22. If query request 54 does correspond to one or more 
of precompiled queries 241-24W, master node 70 is operable 
to initiate processing of the one or more corresponding pre 
compiled queries 32. 
A receiving master node 70 may revieW the annotated 

query execution graph corresponding to the corresponding 
precompiled query 24 to determine if one or more activities in 
the query execution graph require a remote activity (i.e., an 
activity for processing at one or more of slave nodes 721 
72 M). In some cases, master node 70 determines Whether the 
annotated query execution graph calls for one or more remote 
activities by revieWing the activity IDs assigned to each activ 
ity for the corresponding precompiled query 24. If the corre 
sponding precompiled query 24 does not require any remote 
activities, master node 70 may process each activity of the 
query execution graph for the corresponding precompiled 
query 24. If the corresponding precompiled query 24 requires 
one or more remote activities, master node 70 is operable to 
communicate a portion of the corresponding precompiled 
query 24, such as the remote activity, along With any other 
suitable information, such as one or more input variables 
speci?ed in query request 54, to one or more slave nodes 
721 -72M for processing. The remote activity may include, for 
example, an index read, a record read, an aggregation, or any 
other activity that necessitates the use of one or more slave 

nodes 721-72M. 
Master node 70 is operable to determine the appropriate 

one or more slave nodes 72 for handling the remote activity of 
the corresponding precompiled query 24. In certain embodi 
ments, master node 70 may not actually determine the one or 
more slave nodes 72 for handling the remote activity, but may 
instead determine one or more appropriate communication 
channels on Which to communicate the remote activity. For 
example, master node 70 may read the annotated query 
execution graph associated With the corresponding precom 
piled query 24 to determine Whether the corresponding pre 
compiled query 24 calls for an index read or other suitable 
activity of at least one key part 30. To determine the appro 
priate communication channel that has access to the neces 
sary data for resolving the query request 54, master node 70 
accesses the appropriate top level key 32 associated With 
corresponding precompiled query 24 to determine the one or 
more key parts 30 that may be needed to resolve at least a 
portion of query request 54. Master node 70 may map the 
location of one or more particular key parts 30 to one or more 
communication channels using, for example, the “part_no 
MOD num_channels” function described above. 

In this example, master node 70 accesses the appropriate 
top level key 32, retrieves the identi?cation of the one or more 
appropriate key parts 30, maps the one or more appropriate 
key parts 30 to one or more communication channels, and 
communicates one or more requests for an index read (or 
other suitable activity) of the one or more particular key parts 
30. 

In certain embodiments, each master node 70 is capable of 
communicating one or more requests to perform a particular 
one or more activities associated With corresponding precom 
piled query 24 for processing by one or more slave nodes 
721-72M. The requests communicated by master nodes 70 
may each comprise a request package. Each request package 
may include the one or more input variables supplied in query 
requests 54. For example, the one or more input variables of 
query request 54 may include one or more of ?rst name, last 
name, and social security number. As another example, the 
one or more input variables of query request 54 may include 
one or more of make, model, year, and color of one or more 
vehicles. Each request package may also include an activity 
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ID identifying the particular activity (e.g., an index read) that 
the master node 70 is requesting the one or more slave nodes 
72 to perform. For example, the activity ID may direct the one 
or more slave nodes 72 to particular locations Within the DLL 
?le. Although this description focuses primarily on embodi 
ments, in Which the requests communicated by master nodes 
70 each comprises a request package, the present invention 
contemplates the requests comprising any suitable format, 
according to particular needs. 

In certain embodiments, master node 70 assigns a transac 
tion ID to the request package, so that When the one or more 
slave nodes 72 return results to master node 70, master node 
70 Will be able to match the returned results to the appropriate 
request package. Each request package may also include one 
or more of: (a) a master node identi?er indicating Which 
master node 70 sent the request package; (b) an indication of 
the communication channel on Which master node 70 com 
municated the respective request package; and (c) an indica 
tion of Whether there have been any retries for the one or more 
activities associated With the request package. In certain 
embodiments, the master node identi?er may include the 
Internet protocol (IP) address of the master node 70, Which 
may be globally unique. In some cases, the master node 
identi?er may be included as part of the transaction ID. 
Including master node identi?ers in request packages may 
alloW the slave nodes 72 that receive the request packages to 
knoW Where to send the results obtained by the slave nodes 72. 
The request package may include any other suitable informa 
tion or data, according to particular needs. Certain of the 
information in the request package may be included in a 
header portion of the request package. In certain embodi 
ments, master node 70 generates the request packages using 
one or more helper ?les, such as one or more DLLs, acces 
sible to master node 70. 

In certain embodiments, the request package may include a 
priority identi?er for identifying a priority of the request 
package. The priority identi?er may be implemented in any 
suitable manner, according to particular needs, and the prior 
ity may be based on any suitable factors. As just one example, 
the priority may be a binary variable, Where a value of Zero 
indicates a loW priority and a value of one indicates a high 
priority, or vice versa. The priority may be a user-speci?ed 
priority in query request 54. Additionally or alternatively, the 
priority may be based on an identi?cation of the client 12 that 
submitted the query request 54 associated With the request 
package. For example, certain clients 12 may be granted or 
assigned a higher priority than other clients 12, so that query 
requests 54 submitted by those clients 12 granted a higher 
priority tend to be processed more quickly by system 14 than 
query requests 54 submitted by those clients 12 granted a 
loWer priority. Additionally or alternatively, the priority may 
be based on the type of query request 54 and/or the type of 
activities associated With the request package. 

Each master node 70 may maintain one or more outgoing 
queues or other suitable data structures 82 for storing request 
packages until such request packages should be communi 
cated to one or more of slave nodes 72 via one or more 

communication channels. For example, each master node 72 
may maintain a separate outgoing queue 82 for each commu 
nication channel of netWork 80, a single outgoing queue 82 
for all communication channels of netWork 80, or any other 
suitable number of outgoing queues 82. Master nodes 70 may 
communicate request packages from their respective outgo 
ing queues 82 at random, in a ?rst-in-?rst-out manner, or in 
any other suitable manner. 

In certain embodiments, master node 70 communicates the 
portion of precompiled query 24 to be processed by one or 
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more slave nodes 721-72 Musing a multicast signal formatted 
in, for example, UDP. For example, master node may com 
municate the request package to one or more slave nodes 
721-72M using a multicast signal. Master node may commu 
nicate the multicast signal on the one or more appropriate 
communication channels determined by reading the anno 
tated query execution graph and top level key 32, as described 
above. For example, master node 70 communicates one or 
more multicast signals on one or more appropriate commu 

nication channels, and such multicast signals may be received 
by some or all of slave nodes 721-724O capable of receiving 
signals on the one or more communication channels on Which 

the multicast signal Was communicated. In general, a multi 
cast signal is received by any slave node 72 registered to 
receive multicast signals communicated on a particular com 
munication channel. As an example, master node 70 commu 
nicates a request package on communication channel eleven, 
and one or more slave nodes 72 having registered to receive 
communications sent on channel eleven receive the request 
package. 
Use of multicast signals may alloW master nodes 70 to 

communicate a single request to multiple slave nodes 72 
registered on a single channel rather than requiring master 
node 70 to communicate a separate request package to each of 
slave nodes 72 having access to the appropriate key parts 30, 
Which may reduce the outgoing communication bandWidth 
required for master node 70 to communicate request pack 
ages and may reduce the processing required of master node 
70. Furthermore, because in certain embodiments multiple 
slave nodes 72 have access to the same key parts 30, multiple 
slave nodes 72 may be registered on a single communication 
channel, Which may provide additional reliability in system 
14. 
Upon receiving a request package from a master node 70, 

a slave node 72 may perform some initial processing on the 
request package. For example, each slave node may maintain 
one or more incoming queues or other suitable data structures 
84 for inserting incoming request packages. In certain 
embodiments, the one or more incoming queues 84 may be 
implemented as a circular buffer. Each slave nodes 72 may 
retrieve request packages for processing from their corre 
sponding incoming queues 84 in any suitable manner accord 
ing to particular needs. For example, slave nodes 72 may 
retrieve request packages from their respective incoming 
queues 84 at random, in a pseudo-random manner, in a ?rst 
in-?rst-out manner, or in any other suitable manner. 

In certain embodiments, the request packages may be asso 
ciated With a priority, as described above. In such embodi 
ments, slave nodes 72 may consider the priority of the request 
When inserting the request in the incoming queue 84 of the 
slave node 72. For example, the slave node 72 may simply 
inspect the priority identi?er in the request package, and if the 
priority identi?er indicates that the request package has a high 
priority, then the slave node 72 may insert the request package 
at the head or substantially at the head of its incoming queue 
84. 

Additionally or alternatively, each slave node 72 may 
maintain separate incoming queues 84, one incoming queue 
84 being for high priority requests and one incoming queue 84 
being for loW priority requests. In certain embodiments, each 
slave node 72 may select a request for processing from its 
high priority incoming queue 84 before or more frequently 
than selecting a request for processing from its loW priority 
incoming queue 84. Although tWo incoming queues 84 are 
described (one for high priority requests and one for loW 
priority requests), the present invention contemplates each 
slave node 72 maintaining a number of incoming queues 84, 
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each corresponding to one of a number of degrees of priority 
(e.g., high priority, medium priority, and loW priority). Pri 
oritiZing requests received from master nodes 70 may enable 
may help system 14 to manage throughput in processing of 
query requests 54 received from one or more clients 12. In 
particular embodiments, prioritizing requests may help sys 
tem 14 to increase or maximize throughput for query requests 
54 of higher importance or priority. 

In embodiments in Which more than one slave node 72 is 
registered on a communication channel on Which a master 
node 70 communicates a request to perform one or more 
activities (e.g., in a request package), more than one of the 
slave nodes 72 may receive the request communicated by the 
master node 70. For example, more than one of the slave 
nodes 72 may retrieve the request package from their respec 
tive incoming queues 84 to perform the one or more activities 
associated With the request. In some cases, it may be desirable 
it may be desirable to reduce or eliminate the possibility that 
more than one slave node 72 Will handle the request commu 
nicated by the master node 70. 

In certain embodiments, upon retrieving a request from 
queue 84 to perform the one or more activities associated With 
the request, slave nodes 72 are operable to communicate a 
noti?cation or other suitable message 85 on the communica 
tion channel on Which the request Was received. In general, 
noti?cation 85 is operable to notify one or more other slave 
nodes 72 on the same communication channel as the slave 
node 72 that is sending noti?cation 85 (and presumably the 
same communication channel on Which the request Was com 
municated by the master node 70) that the slave node 72 that 
sent noti?cation 85 is handling the request. 

Noti?cation 85 may comprise any suitable format and 
include any suitable information, according to particular 
needs. In certain embodiments, noti?cation 85 includes one 
or more of the transaction ID associated With the request 
package, one or more activity IDs included in the request 
package, or any other suitable information. For example, 
noti?cation 85 may include substantially similar information 
as Was included in the request package for Which the slave 
node 72 is claiming responsibility. 

In a particular non-limiting example, ten communication 
channels are used and slave nodes 723 and 7243 each have 
access to key part 303 and are registered to receive commu 
nications sent on the third communication channel. Although 
particular slave nodes 72 are described for purposes of this 
example, any or all of slave nodes 72 may be capable of 
performing similar functionality. Suppose master node 701 
communicates a request package on the third communication 
channel (e.g., using a multicast signal) and that the activity 
associated With the request comprises an index read of key 
part 303. Suppose also for purposes of this example that both 
slave nodes 723 and 7243 receive the request package and 
insert the request in their respective incoming queues 84. 
Typically, either slave node 723 or slave node 7243 may ful?ll 
this request by performing the index read of key part 303. 
Suppose slave node 723 retrieves the request from its incom 
ing queue 84 to perform the activity associated With the 
request. In this example, slave node 723 communicates a 
noti?cation 85 on the third communication channel. Slave 
node 7243 Will receive the noti?cation 85 and Will knoW that 
it does not need to ful?ll the request because slave node 723 is 
already doing so. In certain embodiments, slave node 7243 
Will remove the request from its incoming queue 85 or oth 
erWise ?ag the request as being processed by another slave 
node 72. 

In certain embodiments, it may be possible for both slave 
node 723 and slave node 7243 to begin processing the request 
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at substantially the same time or otherWise prior to receiving 
a noti?cation 85 from the other slave node 72. In some cases, 
it may be desirable for one of slave nodes 723 and 7243 to stop 
processing the request. In such embodiments, both slave 
nodes 723 and 7243 may send a noti?cation on the third com 
munication channel and each of slave nodes 723 and 7243 may 
receive the noti?cation communicated by the other slave 
node. In certain embodiments, slave nodes 723 and 7243 are 
able to arbitrate betWeen themselves (or among themselves if 
more than tWo slave nodes 72 are involved) as to Which Will 
stop processing the request and Which Will continue process 
ing the request. 

For example, in certain embodiments, the arbitration may 
be determined based on a relative priority betWeen or among 
the slave nodes 72 registered With the same channel. The 
priority may be determined in any suitable manner, according 
to particular needs. In certain embodiments, a relative priority 
is assigned to each of the slave nodes 72 operating on the same 
channel. In other embodiments, the relative priority may be 
based on the IP address for each slave node 72, such that a 
slave node 72 With a higher IP address “Wins” the arbitration. 
In yet other embodiments, the relative priority may be calcu 
lated according to an algorithm. As just one example, the 
algorithm may be based in part on the Internet protocol (IP 
address) assigned to each slave node 72 and one or more other 
suitable variables such as the activity ID associated With an 
activity in the request communicated by the master node 70. 
The use of an algorithm may be desirable because the algo 
rithm may reduce or eliminate the chances that the same slave 
node 72 alWays or substantially alWays “Wins” the arbitration. 

In certain embodiments, the slave node 72 that “Wins” the 
arbitration Will continue handling the request communicated 
by the master node 70, While the one or more slave nodes 72 
that “lose” the arbitration Will cease processing the request. 
The one or more slave nodes 72 that “lose” the arbitration may 
also remove the request from their respective incoming 
queues 84. 

Other techniques may be used to reduce or eliminate the 
possibility that more than one slave node 72 Will handle a 
request communicated by a master node 70. In certain 
embodiments, slave nodes 72 may retrieve requests in their 
respective incoming queues 84 in a someWhat random fash 
ion. For example, slave nodes 72 may randomly or pseudo 
randomly select one of a ?rst predetermined number of 
requests in their respective incoming queues 84 for process 
ing. As a particular example, slave nodes 72 may select one of 
the ?rst ten requests in their respective incoming queues 84 
for processing. This may reduce the chances that more than 
one slave node 72 on the same communication channel Will 
select the same request from their respective incoming queues 
84 to process. 

Although in this example, the predetermined number is 
ten, the predetermined number may be any suitable number, 
according to particular needs. Additionally, although the pre 
determined number is described as being from the ?rst posi 
tions in incoming queue 84, the predetermined number may 
be at any suitable position in the incoming queue 84. For 
example, slave nodes 72 may select one of the middle tWenty 
entries in their respective incoming queues 84, one of the last 
?fteen entries in their respective incoming queues 84, or in 
any other suitable manner. It may be desirable, in some 
embodiments, to select from the ?rst positions in the incom 
ing queue 84 so that the requests are processed at least some 
What in the order in Which they Were received. 
Upon retrieving a request package, from incoming queue 

84 for example, a slave node 72 may determine one or more 
activities associated With the request package. For example, 




























